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ABSTRACT
Egg ,  t i s s u e  and o i l  g l a n d  s a m p l e s  w ere  c o l l e c t e d  f rom  t h e  
p u r p l e  g a l l i n u l e  ( P o r p h y r u l a  m a r t i n i c a  L . )  and t h e  common g a l l i n u l e  
( G a l l i n u l a  c h l o r o p u s  L . )  i n  some L o u i s i a n a  r i c e  f i e l d s  t o  d e t e r m i n e  
t h e  e x t e n t  o f  d i e l d r i n  c o n t a m i n a t i o n .  T h i r t y - e i g h t  p u r p l e  g a l l i n u l e  
n e s t s  and 18 common g a l l i n u l e  n e s t s  were  l o c a t e d  and o b s e r v e d  
t h r o u g h o u t  t h e  n e s t i n g  s e a s o n  t o  d e t e r m i n e  t h e  e f f e c t  o f  d i e l d r i n  
c o n t a m i n a t i o n  upon c l u t c h  s i z e  and egg h a t c h a b i l i t y .
E g g ,  t i s s u e  and o i l  g l a n d  s a m p l e s  f rom a c o n t r o l  p o p u l a t i o n  o f  
common g a l l i n u l e s  on R o c k e f e l l e r  W i l d l i f e  R e fu g e  w ere  a l s o  t a k e n  and 
19 n e s t s  m arked  and o b s e r v e d  t h r o u g h  t h e  n e s t i n g  s e a s o n .
An a v e r a g e  c o n t a m i n a t i o n  o f  6 .5 1  ppm d i e l d r i n  a l o n g  w i t h  
m e a s u r a b l e  q u a n t i t i e s  o f  h e p t a c h l o r  e p o x i d e  and  j^ p ' - D D E  was fo u n d  i n  
t h e  eggs  o f  t h e  p u r p l e  g a l l i n u l e s  f rbm t h e  r i c e  f i e l d s .  D i e l d r i n  and 
jgj jj ' -DDE were  a l s o  found  i n  t h e  t i s s u e s  and  o i l  g l a n d s  o f  t h e  a d u l t  and 
j u v e n i l e  b i r d s  b u t  a t  a much lo w er  l e v e l .
The p u r p l e  g a l l i n u l e  p o p u l a t i o n  i n  t h e  r i c e  f i e l d s  had  an  
a v e r a g e  c l u t c h  s i z e  o f  6 . 7  eggs  and  an  a v e r a g e  h a t c h i n g  s u c c e s s  o f  
8 5 . 2  p e r c e n t .
Eggs o f  t h e  common g a l l i n u l e  c o l l e c t e d  i n  t h e  r i c e  f i e l d s  
c o n t a i n e d  an  a v e r a g e  o f  9 . 3 7  ppm d i e l d r i n  a l o n g  w i t h  m e a s u r a b l e  
q u a n t i t i e s  o f  h e p t a c h l o r  e p o x i d e  and £ ,£* -D D E.  The l a t t e r  two 
c h e m i c a l s  were  a l s o  d e t e c t e d  i n  t h e  t i s s u e s  and o i l  g l a n d s  o f  t h e s e
b i r d s .
C l u t c h  s i z e  a n d  h a t c h a b i l i t y  o f  common g a l l i n u l e  e g g s  i n  t h e  
r i c e  f i e l d s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  o b s e r v e d  i n  t h e  
p o p u l a t i o n  o f  common g a l l i n u l e s  on  R o c k e f e l l e r  W i l d l i f e  R e f u g e .  
D i e l d r i n  was  f o u n d  i n  o n l y  one  e g g  s a m p l e  f r o m  t h e  R o c k e f e l l e r  
p o p u l a t i o n .
v i
INTRODUCTION
One o f  t h e  mos t  i m p o r t a n t  t o o l s  u s e d  i n  m a n ' s  c o n t i n u o u s  
s t r u g g l e  a g a i n s t  i n s e c t  p e s t s  i s  t h e  modern  i n s e c t i c i d e .  U n f o r t u n a t e l y ,  
i n  t h e  a p p l i c a t i o n  o f  t h e s e  c h e m i c a l s  f o r  p e s t  c o n t r o l ,  many n o n t a r g e t  
o r g a n i s m s  come i n t o  c o n t a c t  w i t h  t h e  t o x i c  m a t e r i a l s .
Among t h e  n o n t a r g e t  a n i m a l s  t h a t  h ave  b e e n  a f f e c t e d  by 
i n s e c t i c i d e  u s e  have  b e e n  many s p e c i e s  o f  b i r d s .  E ven  g r e a t e r  t h a n  
t h e  i n t e r e s t  i n  a c u t e  t o x i c i t y  o f  i n s e c t i c i d e s  t o  b i r d l i f e  has  b e e n  
t h e  i n t e r e s t  and c o n c e r n  w i t h  c h r o n i c  t o x i c i t y  r e s u l t i n g  f rom  l o n g ­
t e r m  e x p o s u r e  t o  s u b l e t h a l  amounts  o f  t h e s e  c h e m i c a l s .
" A p p r e c i a b l e  l e v e l s  o f  i n s e c t i c i d e  r e s i d u e s  o c c u r  i n  t h e  t i s s u e s  
and eggs  o f  b i r d s ,  b u t  t h e i r  s i g n i f i c a n c e  i s  n o t  u n d e r s t o o d .  Much 
e f f o r t  h a s  b e e n  d e v o t e d  t o  e s t a b l i s h i n g  l e v e l s  o f  r e s i d u e s  i n  t i s s u e s ,  
c o u n t i n g  p o p u l a t i o n s ,  and  s p e c u l a t i o n  a b o u t  p o s s i b l e  a d v e r s e  e f f e c t s  
o f  p e s t i c i d e  u s e  on b i r d s ,  b u t  few s t u d i e s  w i t h  sound  e c o l o g i c a l  b a s e s  
have  b e e n  made (Newsom, 1 9 6 7 ) " .
An e x c e l l e n t  o p p o r t u n i t y  t o  s t u d y  a n e s t i n g  p o p u l a t i o n  o f  game 
b i r d s  a s s o c i a t e d  w i t h  i n s e c t i c i d e  u s e  i s  a v a i l a b l e  i n  t h e  r e l a t i o n ­
s h i p  o f  t h e  p u r p l e  g a l l i n u l e  ( P o r p h y r u l a  m a r t i n l c a  L . )  and t h e  common 
g a l l i n u l e  ( G a l l i n u l a  c h i o r o p u s  L . )  w i t h  a l d r i n  t r e a t e d  r i c e  f i e l d s  of  
s o u t h  L o u i s i a n a .  Seed  r i c e  i s  t r e a t e d  p r i o r  t o  s o w in g  a t  a  r a t e  o f  
^ l b  a l d r i n / 1 0 0  lb  s e e d .  When sown, t h i s  p r e s e n t s  an a v a i l a b l e  food  
s o u r c e  t o  t h e s e  b i r d s  i n  t h e  e a r l y  p a r t  o f  t h e  n e s t i n g  s e a s o n
1
2c o n t a m i n a t e d  w i t h  2 , 5 0 0  ppm a l d r i n .
The p u r p o s e  o f  t h i s  s t u d y  w as  t o  d e t e r m i n e  t h e  e x t e n t  o f  d i e l d r i n  
( a  d i r e c t  o x i d a t i o n  p r o d u c t  o f  a l d r i n )  c o n t a m i n a t i o n  i n  t h e  e g g s  and  
t i s s u e s  o f  t h e s e  b i r d s  a n d  t o  o b s e r v e  t h e  e f f e c t s  o f  t h e s e  r e s i d u e s  
u p o n  c l u t c h  s i z e  a n d  h a t c h a b i l i t y .
LITERATURE REVIEW
E a c h  y e a r  some 225 m i l l i o n  l b s  o f  i n s e c t i c i d a l  c h e m i c a l s  a r e  
u s e d  w i t h i n  t h e  c o n t i n e n t a l  U n i t e d  S t a t e s  ( H a l l ,  1 9 6 2 ) .  C o n s e q u e n t l y ,  
much o f  o u r  e n v i r o n m e n t  i s  p o l l u t e d  w i t h  one o r  more o f  t h e s e  
c h e m i c a l s  (Newsom, 1 9 6 7 ) .
Many p e o p l e  have  e x p r e s s e d  c o n c e r n  o v e r  t h e  c o n s e q u e n c e s  o f  
i n s e c t i c i d e  r e s i d u e s  i n  o u r  w i l d  a n i m a l  p o p u l a t i o n s  ( C a r s o n ,  1962 ;  
B o y k i n s ,  1 9 6 6 ;  W a l l a c e ,  1 9 5 9 ) .  P r o b a b l y  more  c o n c e r n  h a s  b e e n  
e x p r e s s e d  o v e r  t h e  e f f e c t s  o f  i n s e c t i c i d e  r e s i d u e s  i n  w i l d  b i r d  
p o p u l a t i o n s  t h a n  i n  o t h e r  w i l d  a n i m a l  p o p u l a t i o n s .
T h e r e  i s  much e v i d e n c e  o f  i n s e c t i c i d e  r e s i d u e s  i n  t h e  t i s s u e s  
and  e g g s  o f  w i l d  b i r d s .  Moore and  R a t c l i f f e  ( 1 9 6 3 )  d e t e c t e d  p , j> ' -D D E ,  
d i e l d r i n ,  h e p t a c h l o r  e p o x i d e ,  h e p t a c h l o r ,  and  f-BHC i n  t h e  e g g s  o f  a 
p e r e g r i n e  f a l c o n  and h e p t a c h l o r ,  d i e l d r i n  and ?"-BHC i n  t h e  f l e s h  and 
l i v e r  o f  a n  owl and  two k e s t r e l s .  The a u t h o r s  a l s o  s t a t e d  t h a t  t h e  
d e c l i n e  i n  t h e  p o p u l a t i o n  o f  p e r e g r i n e  f a l c o n s  had  c o i n c i d e d  w i t h  t h e  
i n c r e a s i n g  u s e  o f  c h l o r i n a t e d  h y d r o c a r b o n  i n s e c t i c i d e s .  They  f u r t h e r  
s t a t e d  t h a t  t h e  d e c l i n e  was p r o b a b l y  due t o  t h e  u s e  o f  a g r i c u l t u r a l  
c h e m i c a l s .
Eggs  from 13 s p e c i e s  o f  s e a  b i r d s  w ere  found t o  c o n t a i n  s m a l l  
amounts o f  j),_g'-DDE and d i e l d r i n  (Moore and T a t t o n ,  1 9 6 5 ) .  A n a l y s i s  
showed b a l d  e a g l e  e g g s  from u n s u c c e s s f u l  n e s t s  c o n t a i n e d  c o n s i d e r a b l e  
amounts o f  DDT (DeWitt  and B u c k l e y ,  1962)  . T a y lo r  and Brady (1964 )
an d  Ames and  M e r s e r e a u  ( 1 9 6 4 )  r e p o r t e d  f i n d i n g  c h l o r i n a t e d  h y d r o c a r b o n  
i n s e c t i c i d e s  i n  t h e  e g g s  o f  c e r t a i n  b i r d  s p e c i e s .
G annon  and  D e c k e r  ( 1 9 5 9 )  c o n c l u d e d  t h a t f i n  g e n e r a l ,  t h e  p r e s e n t  
l e v e l s  o f  i n s e c t i c i d e  r e s i d u e s  d i d  n o t  c o n s t i t u t e  a  g r e a t  h a z a r d  t o  
w a r m - b l o o d e d  a n i m a l s .  H o w e v e r ,  t h e r e  i s  much c i r c u m s t a n t i a l  e v i d e n c e  
t h a t  i n d i c a t e s  some s p e c i e s  o f  b i r d s  may b e  e n d a n g e r e d  b y  t h e  u s e  o f  
i n s e c t i c i d e s  (Newsom, 1 9 6 7 ) .
D e W i t t  £ t  j i l .  ( 1 9 6 4 )  r e p o r t e d  57 o f  58 b a l d  e a g l e s  e x a m i n e d  
c o n t a i n e d  m e a s u r a b l e  a m o u n ts  o f  DDT. E x t r e m e l y  h i g h  r e s i d u e s  w e re  
f o u n d  i n  t h e  t i s s u e s  o f  some w a t e r f o w l  c o l l e c t e d  f r o m  t h e  f i e l d  b y  
S h e l d o n  ejt a l .  ( 1 9 6 4 ) .  S e v e r e  r e d u c t i o n  i n  t h e  p o p u l a t i o n  o f  t h e  
w e s t e r n  g r e b e  was  r e p o r t e d  a t  C l e a r  L a k e ,  C a l i f o r n i a  f o l l o w i n g  
r e p e a t e d  a p p l i c a t i o n s  o f  DDD f o r  i n s e c t  c o n t r o l  (H unt  and  B i s c h o f f ,  
1 9 6 0 ) .  The d e c l i n e  i n  n um be rs  o f  c e r t a i n  p r e d a t o r y  b i r d s  h a s  
c o i n c i d e d  w i t h  t h e  u s e  o f  o r g a n i c  c h l o r i n e  i n s e c t i c i d e s  a c c o r d i n g  t o  
Moore and  W a l k e r  ( 1 9 6 4 ) .  They r e p o r t e d  f i n d i n g  p , p ' - D D E  and  d i e l d r i n  
r e s i d u e s  i n  t h e  e g g s  o f  t h e  g o l d e n  e a g l e ,  p e r e g r i n e  f a l c o n  and  t h e  
g r e a t  c r e s t e d  g r e b e .
The p r e s e n c e  o f  i n s e c t i c i d e  r e s i d u e s  i n  s o  many d i f f e r e n t  b i r d  
s p e c i e s  h a s  p r o m p t e d  much s p e c u l a t i o n  a b o u t  t h e  u l t i m a t e  c o n s e q u e n c e s  
o f  t h e s e  r e s i d u e s .  Much c o n c e r n  h a s  b e e n  r e g i s t e r e d  o v e r  t h e  e f f e c t s  
o f  p e s t i c i d e  r e s i d u e s  upon  r e p r o d u c t i o n  i n  t h e s e  c o n t a m i n a t e d  p o p u l a ­
t i o n s .  E x p e r i m e n t a l  e v i d e n c e  i n d i c a t e d  some r e d u c t i o n  i n  s p e r m  
p r o d u c t i o n  i n  d o m e s t i c  fo w l  t h a t  w e re  f e d  0 . 3  p e r c e n t  DDT b y  w e i g h t  i n  
t h e i r  f o o d  ( A l b e r t ,  1 9 6 2 ) .  H ow ever ,  t h e  c l i n i c a l  symptoms o f  DDT 
p o i s o n i n g  a p p e a r e d  a t  a b o u t  t h e  same t i m e  t h a t  t h e  r e d u c t i o n  i n  s p e r m  
p r o d u c t i o n  was d e t e c t e d .
5W r i g h t  ( 1 9 6 0 )  r e p o r t e d  a d e c r e a s e  i n  p r o p o r t i o n  o f  y o u n g  t o  
m a t u r e  w o o d co ck s  i n  DDT s p r a y e d  a r e a s  o f  New B r u n s w i c k .  D e W i t t  ( 1 9 5 5 )  
o b t a i n e d  r e s u l t s  w h i c h  i n d i c a t e d  a d e c r e a s e d  h a t c h a b i l i t y  o f  e g g s  and  
l o w e r e d  v i a b i l i t y  o f  c h i c k s  i n  p h e a s a n t s  f e d  .02  p e r c e n t  DDT b y  w e i g h t  
i n  t h e i r  f e e d .  S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  w hen  0 . 0 0 1  p e r c e n t  
d i e l d r i n  was  u s e d .  The f e e d i n g  o f  0 . 0 1  p e r c e n t  DDT h a d  l i t t l e  e f f e c t  
u p o n  s u r v i v a l  a n d  g r o w t h  o f  b o b w h i t e  q u a i l  c h i c k s .
R e s u l t s  f r o m  DDT f e e d i n g  e x p e r i m e n t s  w i t h  p h e a s a n t s  i n d i c a t e d  no 
e f f e c t  u p o n  e g g  p r o d u c t i o n ,  f e r t i l i t y ,  h a t c h a b i l i t y ,  a n d  s u r v i v a l  o f  
c h i c k s  a t  a  f e e d i n g  l e v e l  o f  4 00  ppm ( G e n e l l y  and  R u d d ,  1 9 5 6 b ) .  At 
100 ppm DDT, e g g  p r o d u c t i o n  was s i g n i f i c a n t l y  h i g h e r  t h a n  i n  t h e  
c o n t r o l s .  T w e n t y - f i v e  a n d  50 ppm d i e l d r i n  i n  t h e  d i e t  p r o d u c e d  a 
s i g n i f i c a n t  d e p r e s s i o n  i n  e g g  p r o d u c t i o n .  The r e l a t i o n  seem e d  t o  b e  
t h e  c o n d i t i o n  o f  t h e  b i r d s  r a t h e r  t h a n  t h e  amount o f  i n s e c t i c i d e  i n  
t h e  d i e t .  Egg f e r t i l i t y  a t  50 ppm d i e l d r i n  was s i g n i f i c a n t l y  
r e d u c e d .  M o r t a l i t y  o f  y o u n g  c h i c k s  was s i g n i f i c a n t l y  g r e a t e r  i n  t h e  
d i e l d r i n  f e d  g r o u p s  f o r  t h e  f i r s t  2 w eek s  a f t e r  h a t c h .
I n c l u s i o n  o f  1 ppm a l d r i n ,  d i e l d r i n ,  o r  e n d r i n  i n  d i e t s  f e d  
g r o w i n g  q u a i l  r e s u l t e d  i n  h i g h  m o r t a l i t y .  Young p h e a s a n t s  f a i l e d  t o  
s u r v i v e  on f e e d  c o n t a i n i n g  5 ppm a l d r i n ,  d i e l d r i n ,  o r  e n d r i n .  No i l l  
e f f e c t s  w e r e  o b s e r v e d  when q u a i l  w e re  f e d  w i n t e r  d i e t s  c o n t a i n i n g  1 ppm 
d i e l d r i n  o r  e n d r i n ,  b u t  n e a r l y  a l l  b i r d s  d i e d  when f e d  d i e t s  
c o n t a i n i n g  0 . 5  ppm a l d r i n  ( D e W i t t ,  1 9 5 6 a ) .  Egg p r o d u c t i o n ,  f e r t i l i t y ,  
a n d  h a t c h a b i l i t y  w e r e  r e l a t i v e l y  u n a f f e c t e d  b y  i n c l u s i o n  o f  
i n s e c t i c i d e s  i n  t h e  d i e t s  o f  b r e e d i n g  q u a i l .  The c h i c k s  showed  h i g h  
m o r t a l i t y  r a t e s  a f t e r  h a t c h ,  e v e n  when f e d  a s  n e a r l y  an i n s e c t i c i d e  
f r e e  d i e t  as  p o s s i b l e .
H a t c h a b i l i t y  o f  p h e a s a n t  e g g s  a n d  v i a b i l i t y  o f  c h i c k s  w e r e  
a d v e r s e l y  a f f e c t e d  by i n c l u s i o n  o f  5 ppm d i e l d r i n  i n  t h e  b r e e d i n g  
d i e t s .
Known a m o u n t s  o f  c e r t a i n  i n s e c t i c i d e s  w e r e  i n j e c t e d  i n t o  h e n  
e g g s  p r i o r  t o  i n c u b a t i o n  ( D u n a c h i e  and  F l e t c h e r ,  1 9 6 6 ) .  The r e s u l t s  
i n d i c a t e d  t h a t  q u i t e  l a r g e  a m o u n t s  o f  some o f  t h e  m ore  h i g h l y  t o x i c  
i n s e c t i c i d e s  h a d  l i t t l e  o r  no e f f e c t  u p o n  t h e  p e r c e n t  h a t c h .  A l d r i n  
a t  10 ppm /eg g  h a d  no e f f e c t ;  DDT/ and  T _ BHC a t  1 0 0 / p p m / e g g  h a d  no 
e f f e c t ;  a n d  100 p e r c e n t  h a t c h  was  r e c o r d e d  i n  e g g s  i n j e c t e d  w i t h  
200 ppm d i e l d r i n .  H a t c h i n g  p e r c e n t a g e s  w e r e  r o u n d e d  t o  t h e  n e a r e s t  
10 p e r c e n t .
DDT r e s i d u e s  i n  a  n e s t i n g  p o p u l a t i o n  o f  h e r r i n g  g u l l s  seem e d  t o  
c a u s e  a l o w e r e d  h a t c h a b i l i t y  r a t e  b u t  h a d  l i t t l e  e f f e c t  u p o n  c h i c k  
s u r v i v a l  ( K e i t h ,  1966)  .
A zevedo  e_t a d .  ( 1 9 6 5 )  r e p o r t e d  l i t t l e  e f f e c t  i f  a n y  u p o n  egg  
p r o d u c t i o n  i n  a  g r o u p  o f  p h e a s a n t s  f e d  a s  much a s  100 ppm DDT i n  t h e i r  
d i e t .  H a t c h a b i l i t y  r a n g e d  f rom  7 3 -8 1  p e r c e n t  i n  t h e  t r e a t m e n t s  and  
a v e r a g e d  7 7 . 9  p e r c e n t  i n  t h e  c o n t r o l s .
The  s i g n i f i c a n c e  o f  c e r t a i n  i n s e c t i c i d e  r e s i d u e s  u p o n  r e p r o d u c t i o n  
i n  b i r d s  seem s  t o  be r e l a t e d  more  w i t h  c h i c k  s u r v i v a l  t h a n  w i t h  egg  
p r o d u c t i o n ,  f e r t i l i t y ,  o r  h a t c h a b i l i t y  (Koeman ejt a l _ . , 1 9 6 7 ) .
E x p e r i m e n t s  w e r e  c o n d u c t e d  t o  d e t e r m i n e  t h e  e f f e c t  o n  c h i c k  s u r v i v a l  
f r o m  e g g s  t r e a t e d  w i t h  d i e l d r i n .  D o s a g e s  r a n g e d  f rom  2 4 0 - 9 6 0  p g / e g g .  
Newly  h a t c h e d  c h i c k s  w e r e  n o t  f e d  f o r  t h e  f i r s t  72 h r s . When a d o s a g e  
o f  960 ^ jg /eg g  (17 ppm) was  i n j e c L e d  p r i o r  t o  i n c u b a t i o n ,  t h e  c h i c k s  
showed  c o n v u l s i o n s  b e t w e e n  58 a n d  96 h r s  a f t e r  h a t c h .  The a u t h o r s  
c o n c l u d e d  t h a t  a b s o r p t i o n  o f  t h e  y o l k  s a c  a f t e r  h a t c h i n g  may c a u s e
p o i s o n i n g  o f  young  c h i c k s  b y  i n s e c t i c i d e s  a t  c o n c e n t r a t i o n s  o f  
r e s i d u e s  t h a t  have no e f f e c t  upon h a t c h a b i l i t y .
METHODS AND MATERIALS
F i e l d  C o l l e c t i o n  o f  Eggs
D u r in g  t h e  m o n th s  o f  May and  J u n e ,  1 9 6 5 ,  a p r e l i m i n a r y  s a m p l e  o f  
e g g s  was  t a k e n  f rom  n e s t s  o f  t h e  p u r p l e  and  common g a l l i n u l e s  i n  t h e  
r i c e  f i e l d s  o n  t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  R ic e  E x p e r i m e n t  S t a t i o n  
i n  C ro w le y ,  L o u i s i a n a .  The  egg  s a m p l e s  w e re  r e t u r n e d  t o  t h e  LSU 
campus and s u b m i t t e d  t o  t h e  H a r r y  D. W i l s o n  F eed  and  F e r t i l i z e r  
L a b o r a t o r y  f o r  p e s t i c i d e  r e s i d u e  a n a l y s i s .  R e s u l t s  o f  t h i s  a n a l y s i s  
i n d i c a t e d  c o n s i d e r a b l e  d i e l d r i n  c o n t a m i n a t i o n .  The f o l l o w i n g  June  
a  t h o r o u g h  s t u d y  was  b e g u n .
The n e s t s  o f  b o th  s p e c i e s  o f  g a l l i n u l e s  are  c o n s t r u c t e d  from 
the  s tem s  and l e a v e s  o f  p l a n t s .  I n s i d e  t h e  f l o o d e d  r i c e  impoundments  
t h e y  a r e  c o n s t r u c t e d  o f  woven and m a t ted  r i c e  s tem s  and l e a v e s .
T h e s e  n e s t s  w e re  l o c a t e d  by s l o w l y  w a d in g  t h r o u g h  t h e  f i e l d s  and  
l o o k i n g  f o r  d e p r e s s i o n s  i n  t h e  r i c e  w h ic h  i n d i c a t e d  t h e  p r e s e n c e  o f  
a  n e s t .  When a n e s t  was found  i t  was m a rk e d  by p l a c i n g  a 6 f t  bamboo 
s t a k e  i n  t h e  g ro u n d  a p p r o x i m a t e l y  15 f t  f rom t h e  n e s t .  The  s t a k e s  
w e r e  num bered  w i t h  a  f e l t - t i p p e d  p en .  At f i r s t ,  one e g g  was  t a k e n  
f rom  e a c h  n e s t  b u t  i t  s o o n  was d i s c o v e r e d  t h a t  t h e  b i r d s  a b a n d o n e d  
t h e  n e s t s  r e a d i l y  i f  d i s t u r b e d  t o o  f r e q u e n t l y .  The g a l l i n u l e s  a l m o s t  
i n v a r i a b l y  a b a n d o n e d  a n e s t  t h a t  was d i s t u r b e d  b e f o r e  t h e  c l u t c h  had
b e e n  c o m p l e t e d .  T h e r e f o r e  a p r o c e d u r e  o f  t a k i n g  a l l  e g g s  f rom  
i n c o m p l e t e  c l u t c h e s  and  one  egg  f rom  e v e r y  1 0 t h  c o m p l e t e  c l u t c h  was 
b e g u n .  N ine  c o m p l e t e  c l u t c h e s  w e re  a l s o  c o l l e c t e d .
C o l l e c t e d  e g g s  w e re  n u m b e re d ,  p l a c e d  i n  game b i r d  e g g  f l a t s  and  
t r a n s p o r t e d  t o  B a ton  Rouge i n  a s t y r o f o a m  i c e - c h e s t  c o n t a i n i n g  a  l a y e r  
o f  c r u s h e d  i c e .  Upon r e a c h i n g  LSU, t h e  e g g s  w e re  p l a c e d  i n  p l a s t i c  
b a g s  and  s t o r e d  i n  f r e e z e r s  u n t i l  t h e y  c o u l d  be p r e p a r e d  f o r  a n a l y s i s .
Eggs a l s o  w e r e  c o l l e c t e d  f rom  R o c k e f e l l e r  W i l d l i f e  R e fuge  i n  
Cameron P a r i s h ,  L o u i s i a n a .  S i n c e  t h i s  a r e a  i s  i s o l a t e d  and  removed  
f rom  m o s t  a g r i c u l t u r a l  i n s e c t i c i d e  u s e ,  t h e  e g g s  w e re  u s e d  a s  c o n t r o l s .  
An a i r b o a t  was u s e d  i n  l o c a t i n g  t h e s e  n e s t s  s i n c e  w a d in g  i n  t h e  m a rs h y  
h a b i t a t  was m o s t  d i f f i c u l t .  N e s t s  w e re  m a rk e d  i n  t h e  same m a n n e r  a s  
d e s c r i b e d  a b o v e .  The e g g s  w e r e  m a rk e d ,  t r a n s p o r t e d ,  a n d  s t o r e d  i n  t h e  
same m anner  a l s o .
Those  n e s t s  f rom b o t h  s t u d y  a r e a s  w h ic h  w e re  m a rk e d  w i t h  bamboo 
s t a k e s  w e re  k e p t  u n d e r  o b s e r v a t i o n  and  v i s i t e d  e v e r y  5 d a y s  u n t i l  t h e  
c h i c k s  b e g a n  t o  h a t c h .  T h en  t h e  n e s t s  w e r e  v i s i t e d  d a i l y  u n t i l  
h a t c h i n g  was c o m p l e t e .  Eggs  r e m a i n i n g  i n  t h e  n e s t  w e re  e x a m in e d  t o  
d e t e r m i n e  t h e  d e g r e e  o f  d e v e l o p m e n t .  T h o s e  e g g s  s h o w in g  no e m b ry o n i c  
d e v e l o p m e n t  s u c h  a s . b l o o d  v e s s e l s  o r  c o n n e c t i v e  t i s s u e  w e re  a s sum ed  t o  
h a v e  b e e n  i n f e r t i l e .  The p e r c e n t  h a t c h  was  c a l c u l a t e d  u s i n g  t h e  
number o f  e g g s  r e m a i n i n g  i n  t h e  n e s t  com pared  t o  t h e  o r i g i n a l  num ber .
I f  a n  egg  had  b e e n  t a k e n  f rom a n e s t  f o r  r e s i d u e  a n a l y s i s ,  i t  was
d i s r e g a r d e d  i n  c o m p u t in g  t h e  p e r c e n t  h a t c h .
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F i e l d  C o l l e c t i o n  o f  B i r d  S am ples
D u r i n g  t h e  f i r s t  p a r t  o f  S e p t e m b e r ,  1 9 6 6 ,  g a l l i n u l e s  w e r e  
c o l l e c t e d  f ro m  t h e  f i e l d s  t o  be  c h e c k e d  f o r  r e s i d u e s  i n  t h e  p r e e n i n g  
g l a n d s  and  e d i b l e  p o r t i o n s  o f  t h e  b i r d s .  B i r d s  w e r e  t a k e n  a t  n i g h t  
w i t h  t h e  a i d  o f  h e a d l i g h t s  and  s h o t g u n s .  G a l l i n u l e s  c o u l d  b e  
a p p r o a c h e d  r e l a t i v e l y  e a s i l y  a t  n i g h t  a l o n g  t h e  i r r i g a t i o n  d i t c h e s  
b o r d e r i n g  t h e  r i c e  f i e l d s  and  a l s o  c o u l d  b e  c o l l e c t e d  a s  t h e y  r o o s t e d  
a t o p  t h e  u n h a r v e s t e d  r i c e .  Much d i f f i c u l t y  was e n c o u n t e r e d  c o l l e c t i n g  
b i r d s  d u r i n g  d a y l i g h t  h o u r s .
G a l l i n u l e s  w h i c h  w ere  c o l l e c t e d  f r o m  t h e  R o c k e f e l l e r  W i l d l i f e  
R e f u g e  w e r e  c a p t u r e d  a t  n i g h t  u s i n g  a i r b o a t s ,  l i g h t s ,  and  l a n d i n g  n e t s ,  
s i n c e  f i r e a r m s  a r e  n o t  a l l o w e d  on t h i s  a r e a .
L a b o r a t o r y  P r e p a r a t i o n  o f  S a m p le s
Eggs
E a c h  f r o z e n  e g g  was c r a c k e d  and t h e  s h e l l  d i s c a r d e d .  The 
c o n t e n t s  w e re  a l l o w e d  t o  tha w  i n  1 oz  p l a s t i c  m e d i c i n e  c u p s .  The e g g  
was  t h e n  b l e n d e d  f o r  3 - 5  m in  a t  5000  rpm i n  a  80 ml S o r v a l  O m ni-M ixe r  
c u p .  A 2 g s a m p l e  o f  b l e n d e d  e g g  was q u i c k l y  w e i g h e d  i n t o  a  t a r e d  
1 oz m e d i c i n e  c u p ,  c a p p e d  w i t h  a 9 / 1 6  i n  c a r d b o a r d  l i d  and  r e t u r n e d  t o  
t h e  f r e e z e r  u n t i l  r e a d y  f o r  c l e a n - u p  and  e x t r a c t i o n .  The r e m a i n d e r  o f  
t h e  b l e n d e d  e g g  was  p o u r e d  b a c k  i n t o  t h e  o r i g i n a l  c u p  and  s t o r e d  i n  
c a s e  t h e  f i r s t  s a m p l e  was  d e s t r o y e d  o r  l o s t  i n  t h e  a n a l y t i c a l  p r o c e s s .  
I n  t h o s e  i n s t a n c e s  when e n t i r e  c l u t c h e s  o f  e g g s  w e r e  t a k e n  f ro m  a 
n e s t ,  e a c h  e g g  was p r e p a r e d  i n d i v i d u a l l y  and  n u m b e re d  i n  a  s e r i e s  s o  
t h a t  a  c h e c k  on r e s i d u e  v a r i a t i o n  w i t h i n  a c l u t c h  c o u l d  b e  m ade .
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T i s s u e  Samples
C o l l e c t e d  b i r d s  were  s k i n n e d ,  e v i s c e r a t e d  and th e  c a r c a s s ,  
p r e e n i n g  g l a n d s ,  g u l l e t s  and g i z z a r d s  were  s a v e d .  The p r e e n i n g  g la n d  
o r  o i l  g l a n d ,  g u l l e t s  and g i z z a r d s  were  p l a c e d  i n  p l a s t i c  b ag s  and 
f r o z e n .  The b i r d  c a r c a s s e s  minus t h e  f e e t  and head  were  f i n e l y  g round  
i n  a  H o b a r t  b l e n d e r .  These  t i s s u e  s am ple s  were  a l s o  p l a c e d  i n  p l a s t i c  
b a g s  and f r o z e n  u n t i l  f u r t h e r  u s e .
C l e a n - u p  and E x t r a c t i o n
The f o l l o w i n g  r e a g e n t s  were  u s e d  i n  t h e  c l e a n - u p  and e x t r a c t i o n  
o f  t h e  e g g s ,  t i s s u e s ,  and g u l l e t  and g i z z a r d  c o n t e n t s :
P e t r o l e u m  e t h e r - - P e s t i c i d e  q u a l i t y - - M a t h e s o n ,  Coleman,  and B e l l
Sodium s u l f a t e - - A n h y d r o u s , g r a n u l a r ,  r e a g e n t  g r a d e
E t h y l  e t h e r - - R e d i s t i l l e d
Ace t o n e - - R e a g e n t  g ra d e
A c e t o n i t r i l e —R e d i s t i l l e d
E t h y l  a l c o h o l - - 9 5  p e r c e n t
F l o r i s i l - - F l o r i d i n  Company, T a l l a h a s s e e ,  F l o r i d a .  1200° A c t i v a t e d ,  
60-100 mesh .  B e f o r e  use  t h i s  m a t e r i a l  was h e a t e d  f o r  2 h r s  a t  
1200° F and s t o r e d  a t  130° F .  Any f l o r i s i l  n o t  used  w i t h i n  
24 h r s  o f  f i r i n g  t ime was r e a c t i v a t e d  as d e s c r i b e d  above .
Eggs
Egg s am ple s  were c l e a n e d  and e x t r a c t e d  u s i n g  th e  method o f
Cummings e_t _a l . (1966) w i t h  the  f o l l o w i n g  m o d i f i c a t i o n s ;
1) Two g sam ples  f rom i n d i v i d u a l  eggs  were  u s e d .
2)  Samples were  g round i n  250 ml b e a k e r s  u s i n g  s m a l l  g l a s s  p e s t l e s .
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3)  E l u a n t s  w e r e  c o l l e c t e d  i n  4 00  ml b e a k e r s  and  e v a p o r a t e d  i n  a 
w a t e r  b a t h .
4 )  The  15 p e r c e n t  e t h y l  e t h e r - p e t r o l e u m  e t h e r  e l u t i n g  s o l v e n t  was 
c h a n g e d  t o  20 p e r c e n t .
5 )  The f i n a l  v o lu m e  o f  e l u a n t  was a d j u s t e d  t o  a  1 g / m l  c o n c e n t r a t i o n  
f o r  i n j e c t i o n  i n t o  a g a s  c h r o m a t o g r a p h .
O i l  G l a n d s  and  T i s s u e  S a m p le s
O i l  g l a n d s  and  t i s s u e  s a m p l e s  w e re  c l e a n e d  and  e x t r a c t e d
f o l l o w i n g  m e th o d s  d e s c r i b e d  b y  H i l l s  ( 1 9 5 9 )  and  J o h n s o n  ( 1 9 6 2 )  . The
p r o c e d u r e  was a s  f o l l o w s :
1)  G r i n d  s a m p l e  w i t h  s u f f i c i e n t  am oun t  o f  a n h y d r o u s  s o d iu m  s u l f a t e  t o  
a b s o r b  t h e  m o i s t u r e  i n  t h e  s a m p l e ,
2 )  T r a n s f e r  m i x t u r e  t o  c e n t r i f u g e  b o t t l e  and  a d d  100 ml p e t r o l e u m  
e t h e r .
3)  S hake  v i g o r o u s l y  f o r  1 min  and  c e n t r i f u g e  i n  b a s k e t  c e n t r i f u g e
f o r  5 m in  a t  1500  rp m .
4 )  P our  o f f  s o l v e n t  l a y e r  i n t o  a  b e a k e r  and  r e - e x t r a c t  s a m p l e  t w i c e
w i t h  50 ml p e t r o l e u m  e t h e r .
5)  E v a p o r a t e  c o m b in e d  e x t r a c t s  i n  w a t e r  b a t h  t o  a p p r o x i m a t e l y  5 ml 
f o r  a c e t o n i t r i l e  p a r t i t i o n i n g .
6)  T r a n s f e r  s a m p le  q u a n t i t a t i v e l y  t o  a 125 ml s e p a r a t o r y  f u n n e l  u s i n g
p e t r o l e u m  e t h e r  and a d j u s t  f i n a l  v o lu m e  t o  25 m l .
7) E x t r a c t  p e t r o l e u m  e t h e r  s o l u t i o n  4 t i m e s  b y  s h a k i n g  f o r  1 min  w i t h
25 ml o f  r e d i s t i l l e d  a c e t o n i t r i l e  s a t u r a t e d  w i t h  p e t r o l e u m  e t h e r .  
A l lo w  l a y e r s  t o  s e p a r a t e  c o m p l e t e l y  and  d r a i n  l o w e r  l a y e r  i n t o  a
1 l i t e r  s e p a r a t o r y  f u n n e l  c o n t a i n i n g  600 ml d i s t i l l e d  w a t e r  and
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6 ml c o n e  H C l .
8 )  Mix a c e t o n i t r i l e  e x t r a c t s  and  w a t e r  t h o r o u g h l y ,  a d d  100 ml 
p e t r o l e u m  e t h e r ,  s h a k e  1 min  a n d  a l l o w  l a y e r s  t o  s e p a r a t e .  D r a i n  
l o w e r  a q u e o u s  l a y e r  i n t o  s e c o n d  1 l i t e r  s e p a r a t o r y  f u n n e l  and  
e x t r a c t  a q u e o u s  s o l u t i o n  t w i c e  w i t h  50  ml o f  p e t r o l e u m  e t h e r  
c o m b i n i n g  e x t r a c t s  i n t o  t h e  f i r s t  f u n n e l .
9)  Wash c o m b in e d  e t h e r  e x t r a c t s  t w i c e  w i t h  100 ml d i s t i l l e d  w a t e r  by  
g e n t l y  r o t a t i n g .  D i s c a r d  t h e  w a t e r .  F i l t e r  p e t r o l e u m  e t h e r  
e x t r a c t  t h r o u g h  a n h y d r o u s  s o d iu m  s u l f a t e  i n t o  a  4 0 0  ml b e a k e r  and  
e v a p o r a t e  i n  4 0 °  C w a t e r  b a t h  t o  a  v o lu m e  o f  10 m l ,
1 0 )  C h r o m a t o g r a p h  a s  w i t h  t h e  e g g  s a m p l e s .
G u l l e t  and  G i z z a r d  C o n t e n t s
The g u l l e t  and  g i z z a r d  c o n t e n t s  f r o m  10 p u r p l e  g a l l i n u l e s  w ere  
c o m b in e d  i n t o  a c o m p o s i t e  s a m p l e  a s  w e r e  t h e  same number  o f  g u l l e t  
an d  g i z z a r d  c o n t e n t s  f r o m  common g a l l i n u l e s .  The two c o m p o s i t e  
s a m p l e s  w e r e  e x t r a c t e d  u s i n g  a m e th o d  d e s c r i b e d  b y  J o h n s o n  ( 1 9 6 2 )  
w i t h  t h e  f o l l o w i n g  s t e p s :
1)  T r a n s f e r  w e i g h e d  s a m p l e  t o  a 4 00  ml S o r v a l  O m ni-M ixe r  c u p  and  add  
130 ml o f  r e d i s t i l l e d  a c e t o n i t r i l e .  B l e n d  f o r  5 m in  a t  5000  rpm 
w i t h  t h e  c u p  im m ers ed  i n  i c e  w a t e r .
2 )  D e c a n t  a c e t o n i t r i l e  t h r o u g h  g l a s s  woo l  i n t o  a  2 l i t e r  s e p a r a t o r y  
f u n n e l  c o n t a i n i n g  1500  ml w a t e r  and  15 ml c o n e  HCl.
3) R e - e x t r a c t  t w i c e  b y  b l e n d i n g  w i t h  50 ml a c e t o n i t r i l e  and  t r a n s f e r  
l i q u i d  p h a s e  a s  i n  s t e p  2 .
4 )  Mix a c e t o n i t r i l e  w i t h  w a ter  and e x t r a c t  t h r e e  a d d i t i o n a l  t i m e s  
w i t h  80  ml o f  p e t r o l e u m  e t h e r ,  s h a k i n g  1 min e a c h  t i m e .
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5 )  Com bine  p e t r o l e u m  e t h e r  e x t r a c t s  i n  a 400  ml b e a k e r  a n d  e v a p o r a t e  
a t  4 0 °  C i n  w a t e r  b a t h  t o  a v o lu m e  c o n v e n i e n t  f o r  f l o r i s i l  
c h r o m a t o g r a p h y .
6 )  C h r o m a t o g r a p h  a s  w i t h  t h e  e g g  s a m p l e s  a n d  d i l u t e  t o  v o lu m e  f o r  
i n j e c t i o n  i n t o  g a s  c h r o m a t o g r a p h  ( 1  g / m l ) .
A f l o r i s i l  r e c o v e r y  s t a n d a r d  a n d  r e a g e n t  b l a n k  w as  r u n  w i t h  e a c h  
s e r i e s  o f  s a m p l e s  t o  d e t e r m i n e  t h e  p e r c e n t  r e c o v e r y  o f  a  known a m o u n t  
o f  i n s e c t i c i d e  i n j e c t e d  o n t o  t h e  f l o r i s i l  a n d  t o  m o n i t o r  a n y  s o l v e n t  
i n t e r f e r e n c e .
F o o d  H a b i t  A n a l y s i s
T w e lv e  g u l l e t s  a n d  g i z z a r d s  f r o m  e a c h  s p e c i e s  w e r e  o v e n - d r i e d  
o v e r n i g h t  a t  1 3 0 °  F and  e x a m i n e d  u n d e r  a d i s s e c t i n g  m i c r o s c o p e  t o  
d e t e r m i n e  t h e  f o o d  h a b i t s  o f  t h e s e  b i r d s  a t  t h e  t i m e  t h e y  w e r e  
c o l l e c t e d .
Gas  C h r o m a t o g r a p h y
A e r o g r a p h  P e s t i l i z e r  M o d e l s  6 8 0  a n d  682 g a s  c h r o m a t o g r a p h s  
e m p l o y i n g  e l e c t r o n  c a p t u r e  d e t e c t o r s  w e r e  u s e d  f o r  r e s i d u e  a n a l y s e s .
T he  c h r o m a t o g r a p h s  w e r e  o p e r a t e d  s i m u l t a n e o u s l y  a n d  b o t h  w e r e  c o n n e c t e d  
t o  a W e s t r o n i c s  D u a l  C h a n n e l  r e c o r d e r  M ode l  11 A /MA2 -  1 /DV 7 . 5  H 
c o n t a i n i n g  W e s t r o n i c s  14063  c h a r t  p a p e r .  The  6 p e r c e n t  e l u a n t s  w e r e  
i n j e c t e d  i n t o  t h e  680 m o d e l  a n d  t h e  20 p e r c e n t  e l u a n t s  w e r e  i n j e c t e d  
• in to  t h e  Model  6 8 2 .
F i v e  f t  c i r c u l a r  c o l u m n s  o f  1 / 8  i n  d i a m e t e r  p a c k e d  w i t h  5 
p e r c e n t  Dow 11 on Gas Chrom Q w e r e  u s e d  i n  t h e  c h r o m a t o g r a p h s  w i t h  
n i t r o g e n  a s  a c a r r i e r  g a s .  T he  o p e r a t i n g  c o n d i t i o n s  w e r e  a s  f o l l o w s :
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D e t e c t o r  Temp 185°  F
Oven Temp 1 8 5 °  F
I n l e t  Temp. 2 0 5 °  F
Gas f l o w r e a d i n g  26 l b  p r e s s u r e  a t  t h e  t a n k  g a u g e
A t t e n u a t i o n 4 - 6
Chart  s p e e d ^ l n / m i n
I n j e c t i o n s  o f  1 - 4  u l  q u a n t i t i e s  w e r e  made d e p e n d i n g  u p o n  t h e  
am oun t  o f  r e s i d u e  d e t e c t e d  i n  t h e  s a m p l e .  A H a m i l t o n  10 u l  s y r i n g e  
(N o.  701)  was  u s e d  i n  m a k i n g  t h e  i n j e c t i o n s .
S t a n d a r d s  o f  r e c r y s t a l l i z e d  a l d r i n ,  d i e l d r i n ,  h e p t a c h l o r  
e p o x i d e ,  h e o d ,  £ ,£ * -D D T  and  £,j3*-DDE w e r e  i n j e c t e d  p r i o r  t o  i n j e c t i o n  
o f  t h e  s a m p l e s  t o  d e t e r m i n e  t h e  e l u t i o n  t i m e  c h a r a c t e r i s t i c  o f  e a c h  
c h e m i c a l  u n d e r  t h e  s p e c i f i e d  c o n d i t i o n s .
Random s a m p l e s  w e re  s e l e c t e d  f o r  q u a l i t a t i v e  w ork  w i t h  t h i n  
l a y e r  c h r o m a t o g r a p h y .  The t e c h n i q u e  u s e d  was  d e s c r i b e d  b y  Damaska
A l l  t h e  20 p e r c e n t  e l u a n t s  f r o m  t h e  e g g  s a m p l e s  w e r e  c o n c e n ­
t r a t e d  i n t o  one  s a m p l e  w h i c h  was s c a n n e d  w i t h  a P e r k i n - E l m e r  Model  21 
I n f r a r e d  S p e c t r o p h o t o m e t e r .  A 5 / 1 0  mm s e a l e d  m i c r o - c e l l  w i t h  NaCl 
w indow s  was  u s e d  t o  c o n c e n t r a t e  t h e  s a m p l e .  The i n f r a r e d  s c a n  was 
u s e d  t o  i d e n t i f y  d i e l d r i n .
T h i n  L a y e r  C h r o m a t o g r a p h y
( 1 9 6 4 ) .
I n f r a r e d  S p e c t r o p h o t o m e t r y
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R e s i d u e  C a l c u l a t i o n s
The p e a k  h e i g h t s  r e s u l t i n g  f ro m  r e s i d u e s  d e t e c t e d  i n  a  s a m p le  
w e re  a d j u s t e d  by  d i l u t i o n  u n t i l  t h e y  c l o s e l y  a p p r o x i m a t e d  t h e  h e i g h t  
o f  a  p e a k  p r o d u c e d  b y  an  i n j e c t i o n  o f  a  known amount o f  s t a n d a r d .  I n  
some c a s e s  t h e  s t a n d a r d  was d i l u t e d  t o  m a t c h  t h e  s a m p l e .  C a l c u l a t i o n s  
w e r e  made by  d i r e c t  l i n e a r  c o m p a r i s o n  o f  t h e s e  s i m i l a r  s i z e d  p e a k s .
RESULTS AND DISCUSSION
R e s i d u e  A n a l y s i s
The  p r e l i m i n a r y  s a m p l i n g  o f  e g g s  f r o m  4 common a n d  2 p u r p l e  
g a l l i n u l e  n e s t s  d u r i n g  May a n d  J u n e  o f  1965  i n d i c a t e d  a  c o n s i d e r a b l e  
am o u n t  o f  d i e l d r i n  r e s i d u e  i n  t h e s e  e g g s .  A l s o  d e t e c t e d  i n  l e s s e r  
a m o u n t s  w e r e  h e p t a c h l o r  e p o x i d e ,  j>,j>’ -DDE a n d  £ , j) ' -DDT ( T a b l e  I ) .
The  s e a r c h  o f  t h e  r i c e  f i e l d s  o n  t h e  LSU R i c e  E x p e r i m e n t  
S t a t i o n  a n d  a n o t h e r  f i e l d  a b o u t  6 m i l e s  w e s t  o f  C r o w l e y  r e v e a l e d  
96 g a l l i n u l e  n e s t s .  S e v e n t y - t w o  w e r e  p u r p l e  g a l l i n u l e  n e s t s  and  
24  w e r e  common g a l l i n u l e  n e s t s .  T w e n ty  common g a l l i n u l e  n e s t s  w e r e  
f o u n d  a t  R o c k e f e l l e r  W i l d l i f e  R e f u g e  i n  C am eron  P a r i s h ,  L o u i s i a n a .
Egg  s a m p l e s  t a k e n  f r o m  56 o f  t h e  p u r p l e  g a l l i n u l e  n e s t s  i n  t h e  
r i c e  f i e l d s  f o r  p e s t i c i d e  a n a l y s i s  r e v e a l e d  a n  a v e r a g e  c o n t a m i n a t i o n  
o f  6 . 5 1  ppm d i e l d r i n  p e r  e g g  w i t h  a  r a n g e  o f  . 4 9 4 - 1 5 . 3 5  ppm. 
D e t e c t a b l e  a m o u n t s  o f  h e p t a c h l o r  e p o x i d e  and  j >,£ '-DDE  w e re  a l s o  
p r e s e n t  i n  t h e s e  e g g s  ( T a b l e  I I ) .
E gg  s a m p l e s  a n a l y z e d  f r o m  14 common g a l l i n u l e  n e s t s  I n  t h e  r i c e  
f i e l d s  show ed  an  a v e r a g e  d i e l d r i n  c o n t a m i n a t i o n  o f  9 . 3 7  ppm p e r  e g g  
w i t h  a r a n g e  o f  1 . 1 3 - 2 2 . 1 2  ppm ( T a b l e  I I I ) .  D e t e c t a b l e  q u a n t i t i e s  o f  
h e p t a c h l o r  e p o x i d e  and  £ ,£* -D D E  w e r e  f o u n d  a l s o .
R e s u l t s  o f  a n a l y s e s  o f  common g a l l i n u l e  e g g s  f r o m  14 n e s t s  
f o u n d  a t  R o c k e f e l l e r  W i l d l i f e  R e f u g e  are  p r e s e n t e d  i n  T a b l e  IV .
*17
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TABLE I
C h l o r i n a t e d  h y d r o c a r b o n  r e s i d u e s  i n  p u r p l e  a n d  common g a l l i n u l e  e g g s  
c o l l e c t e d  a t  C r o w l e y ,  L o u i s i a n a  d u r i n g  May and  J u n e ,  1965
S p e c i e s No .  Eggs
PPM
H e p t a c h l o r  E p o x i d e £ , £ ' - D E E £ , £ ' - D D T D i e l d r i n
Common 6 0 . 0 8 0 . 0 5 0 . 8 7 2 1 0 . 5 9
Common 5 . 4 0 2 . 4 6 0 . 7 8 7 1 2 . 4 6
Common 7 * 0 . 1 5 0 . 1 0 0 1 3 . 1 7
Common 5 0 . 0 9 0 . 2 3 0 . 8 7 2 2 . 2 3
P u r p l e 6 * 0 . 1 5 2 . 1 9 3 6 . 4 7
P u r p l e 10 * * 1 . 9 2 2 1 2 . 9 4
N ot  d e t e c t e d  a t  . 0 5  ppm
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TABLE I I
C h l o r i n a t e d  h y d r o c a r b o n  r e s i d u e s  i n  p u r p l e  g a l l i n u l e  e g g s  
f ro m  C r o w l e y ,  L o u i s i a n a ,  1966
PPM
Sample  No. D i e 1d r i n H e p t a c h l o r  E p o x i d e £ , p'-DDE
1 5 . 1 8 * 0 . 1 5 4
2 1 0 . 0 0 * 5 . 2 0
3 1 0 . 8 2 * .9 8 8
4 1 1 . 1 7 0 . 1 8 8 .272
5 0 . 4 9 5 * .256
6 1 1 . 0 6 .082 .234
7 1 4 . 1 2 . 1 1 3 .944
8 1 0 . 0 0 .031 . 2 5 0
9 1 2 . 1 2 .105 .275
10 1 1 . 8 8 .0 6 5 . 2 5 0
11 7 . 6 5 * .057
12 1 1 . 1 7 .0 4 8 .2 7 3
13 1 0 . 7 0 .0 4 7 .247
14 8 . 3 5 * .197
15 -4 .48 * .1 0 5
16 7 . 6 0 .1 3 9 .2 2 0
17 0 . 9 8 6 * .379
18 8 . 5 9 * .2 2 0
*N ot  d e t e c t e d a t  .025  ppm
+ Not d e t e c t e d a t  .05 ppm
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TABLE I I  C o n t i n u e d
PPM
Sample  No. D i e 1d r i n H e p t a c h l o r  E p o x i d e £ ,£ ' -D D E
19 5 . 2 1 * 0 . 2 3 0
20 2 . 1 6 * .2 3 0
21 1 3 . 5 3 0 . 0 5 6 . 4 4 0
22 5 . 8 8 .0 3 4 . 2 8 0
23 5 . 5 9 .0 4 0 .3 3 5
24 7 .5 2 .0 4 0 .1 6 0
25 6 . 4 1 * .3 9 0
26 4 . 6 9 .0 8 4 .877
27 6 . 3 5 * .1 9 9
28 1 . 4 6 * .157
29 1 1 .3 2 .082 .234
30 1 . 5 5 * +
31 3 . 5 3 * .172
32 7 . 7 9 * 5 . 8 1
33 4 . 6 7 * .265
34 5 . 5 3 * .285
35 1 . 5 2 * .2 5 0
36 .7 1 8 * .096
37 7 . 3 5 * .194
38 3 . 2 0 .055 .224
* N o t  d e t e c t e d a t  .0 2 5  ppm
+ Not d e t e c t e d a t  .0 5  ppm
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TABLE I I  C o n tin u ed
*
PPM
Sample No. D i e l d r i n H e p t a c h l o r  E p o x i d e £ ,  d ' " DDE
39 2 . 2 7 * 0 . 1 4 3
40 3 . 6 8 0 * .1 9 9
41 5 . 7 0 * +
42 7 . 7 9 * +
43 1 5 . 3 5 0 . 1 9 5 .3 2 4
44 1 1 . 5 5 * +
45 4 . 8 9 * +
46 7 . 0 9 * .117
47 .565 * .0 5 5
48 1 5 . 1 7 * .664
49 .614 * .069
50 .880 * .218
51 3 . 4 1 * .284
52 3 . 7 4 * .2 1 5
53 .851 * .2 3 3
54 2 . 5 0 * .115
55 7 . 4 3 * .0 8 3
56 8 .1 0 .054 .2 4 0
Mean 6 . 5 1 .0 2 6 .434
Range
*N ot  d e t e c t e d  
* N o t  d e t e c t e d
. 4 9 4 - 1 5 . 3 5
a t  .02  5 ppm 
a t  .05  ppm
ppm
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TABLE I I I
C h l o r in a t e d  hyd rocarbon  r e s i d u e s  i n  common g a l l i n u l e  eg g s
from C ro w ley ,  L o u i s i a n a ,  1966
PPM
Sample  No. D i e l d r i n H e p t a c h l o r  E p o x i d e j ) , j>1 -  DDE
1 9 . 4 1 0 . 1 1 9 0.121
2 22.12 .0 9 2 . 4 5 0
3 9 . 6 5 .0 3 3 .1 3 7
4 1 2 . 9 4 .047 .2 4 7
5 5 . 7 3 * .191
6 1 . 1 3 * .2 6 3
7 8 . 2 3 * .205
8 8 . 7 8 * .7 7 5
9 1 8 . 1 5 .4 7 7 1 . 0 5
10 1 1 . 0 9 .072 . 4 0 0
11 6 . 9 4 .048 .310
12 5 . 8 8 .0 8 8 .3 85
13 6 . 8 5 * .397
14 1 2 . 0 8 * .371
Mean 9 . 3 7 .069 .311
Range 1 . 1 3 - 2 2 . 1 2
N ot  d e t e c t e d  a t  . 025  ppm
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TABLE IV
C h l o r i n a t e d  h y d r o c a r b o n  r e s i d u e s  i n  common g a l l i n u l e  e g g s  
f r o m  R o c k e f e l l e r  W i l d l i f e  R e f u g e ,  1966
PPM
Sample  No.  D i e l d r i n  H e p t a c h l o r  E p o x i d e E , £ - D D E p , p ' - D D T
1 A * 0 . 1 9 6 B
2 A * .038 B
3 A * .154 B
4 A * + B
5 A * + B
6 A * .082 0 . 1 7 0
7 A * .0 4 0 B
8 A * . 0 6 0 B
9 A * + 'B
10 A * .051 B
11 A * .083 B
12 0 . 2 8 2 * .2 0 0 B
13 A * .094 B
14 A * .071 B
Mean ----- 0 . 0 7 6 -----
A -  Not d e t e c t e d  a t 0 .1  ppm
*  -  Not d e t e c t e d  a t 0 . 2 5  ppm
+ -  Not d e t e c t e d  a t 0 . 0 5  ppm
B -  Not d e t e c t e d  a t 0 .1  ppm
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Only 1 egg had d e t e c t a b l e  q u a n t i t i e s  o f  d i e l d r i n .  One c o n t a i n e d  
d e t e c t a b l e  amounts o f  j>,j>'-DDT, w h i l e  a l l  b u t  2 had  d e t e c t a b l e  amounts 
o f  £ , £ '  -DDE .
The r e s u l t s  o b t a i n e d  when eg g s  from a c o m p le te  c l u t c h  were  
a n a l y z e d  i n d i v i d u a l l y  can  be  s e e n  i n  T a b l e  V. T h e re  was v a r i a t i o n  
b e tw e e n  t h e  eggs  i n  t h e  amount o f  i n s e c t i c i d e  r e s i d u e  d e t e c t e d .  
However ,  t h e  s e q u e n c e  i n  w h ich  t h e  eggs  w ere  l a i d  was n o t  known. 
T h e r e f o r e  i t  c o u l d  n o t  be  d e t e r m i n e d  f rom t h e s e  d a t a  i f  t h e r e  was any 
c o r r e l a t i o n  b e tw e e n  t h e  l a y i n g  o r d e r  and th e  amount o f  i n s e c t i c i d e  
p r e s e n t .  Azevedo eHt a l .  (1965)  s t a t e d  t h a t  p h e a s a n t s  e x c r e t e  
10 p e r c e n t  o r  more o f  t h e i r  d a i l y  i n t a k e  o f  DDT t h r o u g h  th e  e g g s .  I f  
t h i s  were  t r u e  i n  t h e  c a s e  o f  s t o r e d  i n s e c t i c i d e s ,  one would  e x p e c t  a 
d e c r e a s i n g  amount o f  i n s e c t i c i d e  r e s i d u e  from t h e  f i r s t  t o  t h e  l a s t  
e g g .  I n  one i n s t a n c e  d u r i n g  f l o r i s i l  c h ro m a to g ra p h y  o f  a c l u t c h  o f  
e g g s ,  a d i s t i n c t  g r a d a t i o n  i n  th e  amount o f  down and t i s s u e  i n  th e  
e ggs  was o b s e r v e d .  The eggs  were r a n k e d  and numbered  a c c o r d i n g  t o  t h e  
amount o f  t i s s u e  p r e s e n t ,  t h e  most  d e v e l o p e d  b e i n g  number 1 , e t c .
T h i s  s h o u ld  have i n d i c a t e d  th e  s e q u e n c e  i n  w h ich  t h e s e  eggs  were l a i d  
s i n c e  one would  e x p e c t  t h e  i n i t i a l  egg  t o  be t h e  most  d e v e l o p e d .  An 
i n v e r s e  r e l a t i o n  i n  th e  amount o f  d i e l d r i n  + -DDE p r e s e n t  was
o b s e r v e d  (T ab le  V, N e s t  V I ) .
T h in  l a y e r  c h r o m a to g r a p h y  c o n f i r m e d  th e  p r e s e n c e  o f  d i e l d r i n  
and p ,j> ' - DDE i n  t h e  egg e x t r a c t s .  D i e l d r i n  was a l s o  i d e n t i f i e d  by 
i n f r a r e d  s p e c t r o p h o t o m e t r y .  H e p t a c h l o r  e p o x i d e  was n o t  c o n f i r m e d  w i t h  
t h i n  l a y e r  c h ro m a to g ra p h y  b e c a u s e  o f  i n t e r f e r i n g  s u b s t a n c e s  c a r r i e d  
o v e r  i n  t h e  6 p e r c e n t  e l u a n t s .
Composite t i s s u e  samples c o n s i s t i n g  o f  ground p o r t i o n s  o f  the
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TABLE V
C h l o r i n a t e d  h y d r o c a r b o n  r e s i d u e s  i n  i n d i v i d u a l  e ggs  w i t h i n  n e s t s
N e s t  I D i e 1d r i n
__________ PPM_________
H e p t a c h l o r  Epox ide £ ,£ ' -D D E
Egg A
B
C
D
E
1 .2 9 0
1 .2 3 0
0 .9 6 4
0 .7 5 2
0 .6 9 4
*
*
*
*
0 . 3 7 0
.185
.3 50
.985
.340
N e s t  I I  
Egg A 
B 
C 
D 
E 
F
1 1 .6 5
8 .6 7
8 . 4 6
8 .4 1
8 . 2 3
7.32
*
*
*
*
*
1 . 1 9
1 .2 7
0 . 6 3 0
.430
.610
.610
N e s t  I I I  
Egg A 
B 
C 
D 
E 
F
4 . 4 7
4 . 0 2
3. 12
2 . 7 5
2 . 9 6
2 .4 1
0 .0 7 1
.071
*
.061
.100
*
0 .1 7 2
.162
.385
.141
.410
.128
TABLE V C o n tin u ed
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N e s t  IV D i e l d r i n
________ m i_______
H e p t a c h l o r  E p o x i d e £  »£1 ■ DDE
E g g  A 
B 
C 
D 
E 
F
0 . 9 1 2
.888
.6 7 8
.662
.3 0 8
.241
A
*
*
*
*
*
0.100
.0 7 9
. 0 5 4
.100
. 083
.065
N e s t  V 
Egg A 
B 
C 
D
3 . 6 6
3 . 5 9
3 . 3 9
3 . 0 3
0 . 2 8 5
.277
.2 7 0
.305
N e s t  VI  
Egg A -  7 
B -  6 
C - 5 
D - 4 
E - 2 
F -  1 
. G -  3
1.210
0 . 9 4 6
.9 2 3
.8 8 3
.7 4 8
.691
.4 5 4
*
*
0 . 3 1 4
.293
.294
. 265
.242
.232
.178
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TABLE V C o n tin u e d
PPM
N e s t  V I I D i e l d r i n H e p t a c h l o r  E p o x i d e £ , £ ' - D D E
E gg  A 4 . 1 3 * 0 . 2 8 9
B 2 . 6 1 * .129
C 2 . 5 2 ★ .081
D 2 . 1 9 * .055
E 1 . 9 0 * .074
F 1 . 6 5 ★ .061
N e s t  V I I I
Egg A 9 . 2 7 * 0 . 0 9 0
B 7 . 4 9 * .0 9 0
C 5 . 6 3 * .070
N e s t  IX
Egg  A 4 . 5 4 * 0 . 1 8 6
B 4 . 0 9 * .253
C 3 . 8 3 * .160
D 3 . 4 6  ' * .200
E 2 . 5 2 * .200
* N o t  d e t e c t e d  a t  . 0 2 5  ppm
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s k i n n e d ,  e v i s c e r a t e d  c a r c a s s  minus  t h e  h e a d  and f e e t  were  a n a l y z e d  and 
fo u n d  t o  c o n t a i n  an a v e r a g e  o f  0 . 2 9 6  ppm d i e l d r i n  (T a b l e  V I )  . The 
c o m p o s i t e  t i s s u e  sam ple  o f  b i r d s  c o l l e c t e d  f ro m  R o c k e f e l l e r  R e fu g e  
c o n t a i n e d  0 . 0 5 8  ppm d i e l d r i n .
O i l  g l a n d  s a m p l e s  w e re  a l s o  a n a l y z e d  and t h e  r e s u l t s  a r e  g i v e n  
i n  T a b l e  V I I .  R e s i d u e s  d e t e c t e d  i n  o i l  g l a n d s  and  t i s s u e  s a m p l e s  
w e re  much lo w er  t h a n  t h e  am oun ts  d e t e c t e d  i n  t h e  e g g s .
The FDA t o l e r a n c e  f o r  d i e l d r i n  i n  t h e  m e a t  and e g g s  o f  p o u l t r y
i s  z e r o .  T h es e  two game b i r d  s p e c i e s  h ave  l e v e l s  o f  d i e l d r i n  i n  
t h e i r  eg g s  and t i s s u e s  w h i c h  w ou ld  c e r t a i n l y  n o t  be  p e r m i s s i b l e  i n  
c o m m e rc i a l  p o u l t r y  p r o d u c t s .  T h i s  h i g h l y  u n d e s i r a b l e  c o n t a m i n a t i o n  
p r o b a b l y  has  come a b o u t  as  t h e  r e s u l t  o f  a  recommended a g r i c u l t u r a l  
p r a c t i c e  o f  p r e - t r e a t i n g  s e e d  r i c e  w i t h  a l d r i n .
C l u t c h  S i z e  and H a t c h a b i l i t y
C l u t c h  s i z e  and  p e r c e n t  h a t c h  f ro m  e a c h  o f  38 p u r p l e  g a l l i n u l e  
n e s t s  f ro m  r i c e  f i e l d s  n e a r  Crow ley  w h ic h  w ere  o b s e r v e d  t h r o u g h o u t  t h e  
i n c u b a t i o n  p e r i o d  i s  g i v e n  i n  T a b l e  V I I I .  The n e s t s  c o n t a i n e d  an 
a v e r a g e  o f  6 . 7  eg g s  and  t h e  a v e r a g e  h a t c h a b i l i t y  was 8 5 . 2  p e r c e n t .  
S e v e r a l  o f  t h e s e  n e s t s  were  a b an d o n e d  by t h e  hens  and w ere  r e c o r d e d  
as  0 p e r c e n t  h a t c h .  O v e r a l l  h a t c h a b i l i t y  w ou ld  have b e e n  somewhat 
h i g h e r  had t h e  a b an d o n e d  n e s t s  b e e n  e l i m i n a t e d  f rom  t h e  c a l c u l a t i o n s .
E i g h t e e n  common g a l l i n u l e  n e s t s  f rom n e a r  Crow ley  and 19 n e s t s
f rom  R o c k e f e l l e r  W i l d l i f e  R e fu g e  were  m arked  and o b s e r v e d  t h r o u g h o u t
t h e  i n c u b a t i o n  p e r i o d .  Eggs  f rom t h e  common g a l l i n u l e s  i n  Crowley  
c o n t a i n e d  r e l a t i v e l y  h i g h  amounts  o f  d i e l d r i n .  A verage  c l u t c h  s i z e  o f
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TABLE VI
C h l o r i n a t e d  h y d r o c a r b o n  r e s i d u e s  i n  e d i b l e  p o r t i o n *  
o f  common and  p u r p l e  g a l l i n u l e s
L o c a t i o n S p e c i e s Age
PPM
D i e l d r i n
R o c k e f e l l e r  R e f u g e Common M ixed 0 . 0 5 8
C r o w le y Common A d u l t .134
C r o w le y Common J u v e n i l e . 2 6 3
C r o w le y P u r p l e A d u l t . 6 2 9
O ro w l e y P u r p l e J u v e n i l e .3 9 4
Mean 0 . 2 9 6
Whole  c a r c a s s  m in u s  h e a d ,  f e e t ,  v i s c e r a  and s k i n
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TABU! V I I
D i e l d r i n
o f
an d  _£,_£*-DEE 
common and
r e s i d u e s  i n  o i l  
p u r p l e  g a l l i n u l e
g l a n d s
s
L o c a t i o n S p e c i e s Age D i e l d r i n
PPM
p ,p ' -D D E
R o c k e f e l l e r  R e f u g e Common M ixed * +
C ro w ley Common J u v e n i l e 1 . 4 8 0 . 2 8 0
C ro w le y Common A d u l t 1 . 0 4 .230
C r o w le y P u r p l e J u v e n i l e 1 . 2 5 . 8 0 0
C ro w le y P u r p l e A d u l t 4 . 5 3 .4 3 0
*N ot  d e t e c t e d  a t  0 . 0 2 5  ppm 
^ N o t  d e t e c t e d  a t  0 . 0 5  ppm
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TABLE VIII
C lu tc h  s i z e  and h a t c h a b i l i t y  o f  p u r p le  g a l l i n u l e  eg g s
from  C row ley ,  L o u is ia n a  r i c e  f i e l d s ,  1966
N e s t  No.  C l u t c h  S i z e ________________P e r c e n t  H a t c h
1 6 100
2 7 Abandoned
3 7 100
4 7 100
5 9 8 5 . 7
6 6 100
7 6 Abandoned
8 7 80
9 7 100
10 6 75
11 8 100
12 6 100
13 6 75
14 9 8 5 . 7
15 7 100
16 8 L o s t
17 6 100
18 7 100
19 7 100
20 9 89
21 7 100
22 5 100
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TABLE V I I I  C o n t in u e d
N e s t  No. C l u t c h  S i z e P e r c e n t  H a t c h
23 9 100
24 7 100
25 6 100
26 7 100
27 5 100
28 6 8 3 . 0
29 6 A bandoned
30 10 100
31 8 75
32 6 83
33 8 87
34 8 100
35 6 100
36 4 33
37 5 100
38 7 100
Mean 6 . 7 8 5 . 2
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t h e  Crow ley  a n d  t h e  R o c k e f e l l e r  b i r d s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  
b e i n g  8 . 9 4  and  8 . 2 6  e g g s  p e r  n e s t  r e s p e c t i v e l y  ( T a b l e s  IX and  X ) .
The C ro w ley  common g a l l i n u l e  p o p u l a t i o n  had  an  o v e r - a l l  
h a t c h i n g  s u c c e s s  o f  8 4 . 2  p e r c e n t  a s  c o m p a re d  t o  8 6 . 5  p e r c e n t  r e c o r d e d  
f o r  t h e  R o c k e f e l l e r  R e f u g e  b i r d s  ( T a b l e  IX and  X ) .  T h i s  was a l s o  an  
i n s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  5 p e r c e n t  l e v e l  o f  s i g n i f i c a n c e .
R e s u l t s  i n d i c a t e d  t h a t  d i e l d r i n  c o n t a m i n a t i o n  i n  e g g s  o f  t h e  
common g a l l i n u l e  f ro m  C ro w le y  had  no s i g n i f i c a n t  e f f e c t  upon  e i t h e r  
t h e  number o f  e g g s  l a i d  o r  t h e  h a t c h a b i l i t y  o f  t h e s e  e g g s .  D u n a c h ie  
and F l e t c h e r  (1966)  r e p o r t e d  t h a t  d i e l d r i n  i n j e c t i o n s  as  h i g h  a s  
200  ppm had  no e f f e c t  upon  t h e  h a t c h i n g  r a t e  o f  h e n  e g g s .  Egg 
p r o d u c t i o n ,  f e r t i l i t y ,  and  h a t c h a b i l i t y  w e re  r e l a t i v e l y  u n a f f e c t e d  b y  
i n c l u s i o n  o f  1 ppm a l d r i n ,  d i e l d r i n ,  o r  e n d r i n  i n  t h e  d i e t  o f  q u a i l  
and p h e a s a n t s  ( D e W i t t ,  1 9 5 6 a ) .
I n  s t a t i n g  t h a t  t h e r e  was no a p p a r e n t  e f f e c t  upon  c l u t c h  s i z e  
and h a t c h a b i l i t y  due t o  t h e  d i e l d r i n  r e s i d u e s ,  one  m us t  be  c a r e f u l  t o  
n o t e  t h a t  t h e  r e s u l t i n g  s u r v i v a l  o f  t h e  y o ung  c h i c k s  was n o t  c h e c k e d .  
The p o s s i b i l i t y  e x i s t s  t h a t  t h e  r e s i d u a l  d i e l d r i n  c a r r i e d  o v e r  t o  t h e  
n ew ly  h a t c h e d  c h i c k s  by  a b s o r p t i o n  o f  t h e  y o l k  s a c  may be  d e t r i m e n t a l  
t o  t h e  young  b i r d s .  T h i s  f e a r  was e x p r e s s e d  by  Koeman e_t a l .  ( 1967 )  
i n  work  done  w i t h  c h i c k e n s .
H a v in g  no c o n t r o l s  w i t h  w h ic h  t o  com pare  t h e  c l u t c h  s i z e  and 
h a t c h a b i l i t y  o b s e r v e d  i n  t h e  p u r p l e  g a l l i n u l e  p o p u l a t i o n ,  t h e  d a t a  
w e r e  c o m p a re d  w i t h  o t h e r  p u b l i s h e d  f i g u r e s .  B e n t  ( 1 9 2 6 )  s t a t e s  t h a t  
t h e  p u r p l e  g a l l i n u l e  l a y s  f ro m  5 - 1 0  e g g s  w i t h  6-8  b e i n g  t h e  m os t  
common n u m b e r ,  Lowery (1 9 5 5 )  r e p o r t s  6-8  e g g s  a s  a v e r a g e  f o r  t h e  
p u r p l e  g a l l i n u l e  c l u t c h  s i z e .  The o b s e r v e d  c l u t c h  s i z e  o f  6 . 7  eg g s  i n
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TABLE IX
C lu tc h  s i z e  and h a t c h a b i l i t y  o f  common g a l l i n u l e  eg g s
from C row ley , L o u is ia n a  r i c e  f i e l d s ,  1966
N e s t  No. C l u t c h  S i z e P e r c e n t  H a t c h
1 9 Abandoned
2 10 6 2 . 5
3 7 80
4 9 100
5 9 100
6 9 8 5 . 7
7 11 100
8 8 8 8 . 3
9 8 100
10 8 100
11 10 100
12 11 100
13 8 100
14 10 Ab andone  d
15 10 100
16 6 100
17 8 100
18 10 100
Mean 8 . 9 4 8 4 . 2
t  = .959 
t  . 0 5 / 3 5  = 2 . 0 3
t  = .504
t  . 0 5 / 2 9  = 2 .0 4 5
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TABLE X
C lu tc h  s i z e  and h a t c h a b i l i t y  o f  common g a l l i n u l e  eg g s
from R o c k e f e l l e r  W i l d l i f e  R e fu g e ,  1966
N e s t  No. C l u t c h  S i z e P e r c e n t  H a t c h
1 7 L o s t
2 10 100
3 16 8 6 .6
4 8 75
5 7 100
6 8 100
7 7 100
8 7 100
9 8 100
10 7 100
11 15 A bandoned
12 7 75
13 8 80
14 6 100
15 8 6 6 .6
16 7 100
17 6 100
18 7 C o l l e c t e d  A l l  Eggs
19 8 C o l l e c t e d  A l l  Eggs
Mean 8 . 2 6 8 6 . 5
t  = .959  
t  . 0 5 / 3 5  = 2 . 0 3
t  = .504
t  . 0 5 / 2 9  = 2 .0 4 5
t h e  e x p e r i m e n t a l  b i r d s  co m p ares  f a v o r a b l y  w i t h  t h e s e  f i g u r e s .
The a v e r a g e  h a t c h a b i l i t y  o f  t h e  e g g s  l a i d  by t h e  p u r p l e  
g a l l i n u l e  i n  t h e  Crowley  r i c e  f i e l d s  was 8 5 . 2  p e r c e n t .  T h e r e  w e re  
no  c o n t r o l s  w i t h  w h ic h  t o  compare  t h i s  f i g u r e  e i t h e r .  Only 1 p u r p l e  
g a l l i n u l e  n e s t  was l o c a t e d  on  R o c k e f e l l e r  R e fu g e .  T h e r e  a l s o  seems
t o  be a n  a b s e n c e  o f  any  p u b l i s h e d  d a t a  c o n c e r n i n g  t h e  h a t c h a b i l i t y
o f  p u r p l e  g a l l i n u l e  e g g s .
A mean h a t c h i n g  r a t e  o f  8 1 . 0  p e r c e n t  o v e r  a  4 - y e a r  p e r i o d  was
r e p o r t e d  by Hunt ej: a l .  ( 1958 )  w h i l e  w o r k in g  w i t h  s e m i - w i l d  m a l l a r d s .  
I n  a n  i n s e c t i c i d e  f e e d i n g  e x p e r i m e n t  u s i n g  p h e a s a n t s  t h e  h a t c h a b i l i t y  
o f  t h e  e g g s  from t h e  c o n t r o l s  was 7 7 .9  p e r c e n t  (Azevedo e_t a l . ,  1 9 6 5 ) .  
I n  g e n e r a l  i t  i s  c o n s i d e r e d  v e r y  s a t i s f a c t o r y  when 8 0 -9 0  p e r c e n t  h a t c h  
i s  o b t a i n e d  when hand  r e a r i n g  m os t  t y p e s  o f  game b i r d s  ( J o h n s o n ,  
1 9 6 7 ^ ) .  T h e r e f o r e  t h e  8 5 . 2  p e r c e n t  h a t c h  r e c o r d e d  i n  t h e  p u r p l e  
g a l l i n u l e  p o p u l a t i o n  c o n t a m i n a t e d  w i t h  d i e l d r i n  d o e s  n o t  seem lo w er  
t h a n  e x p e c t e d .  I t  s h o u l d  be  remembered  t h a t  m o s t  h a t c h a b i l i t y  d a t a  
a r e  o b t a i n e d  u s i n g  i n c u b a t o r s .  T h e re  i s  g e n e r a l l y  a h i g h e r  h a t c h i n g  
p e r c e n t a g e  when e g g s  a r e  i n c u b a t e d  n a t u r a l l y .
G u l l e t  and  G i z z a r d  A n a l y s i s
A n a l y s i s  o f  t h e  g u l l e t  and  g i z z a r d  c o n t e n t s  o f  t h e s e  b i r d s  
f a i l e d  t o  show a d e t e c t a b l e  amount o f  d i e l d r i n .  T h i s  seems t o  
I n d i c a t e  t h a t  t h e  d i e l d r i n  r e s i d u e s  found  i n  t h e  t i s s u e s  and  e ggs  o f
^■Johnson, W. A . ,  P o u l t r y  Department ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  
Baton Rouge,  L o u i s i a n a .  P e r s o n a l  i n t e r v i e w .
t h e s e  b i r d s  i s  p r o b a b l y  t h e  r e s u l t  o f  t h e i r  h a v i n g  come i n t o  c o n t a c t  
w i t h  t h e  s o u r c e  o f  i n s e c t i c i d e  e a r l i e r  i n  t h e  s e a s o n .
R i c e  i s  n o t  t r e a t e d  w i t h  a l d r i n  o r  d i e l d r i n  d u r i n g  t h e  g r o w i n g  
s e a s o n .  I t  i s  t r e a t e d  p r i o r  Lo p l a n t i n g  w i t h  a l d r i n  a t  a  r a t e  o f  
% l b  a l d r i n / 1 0 0  l b  s e e d .  T h i s  r e p r e s e n t s  a n  am oun t  e q u a l  t o  2 , 5 0 0  ppm. 
B i r d s  a r r i v i n g  o n  t h e  n e s t i n g  g r o u n d s  w h i c h  s e e k  c o v e r  i n  t h e  d i t c h e s  
and  c a n a l s  a d j a c e n t  t o  t h e  r i c e  f i e l d s  h a v e  a m p le  o p p o r t u n i t y  t o  f e e d  
u p o n  t h i s  h i g h l y  c o n t a m i n a t e d  r i c e .  Not o n l y  w o u ld  t h i s  r i c e  be 
a v a i l a b l e  i n  t h e  f i e l d s ,  b u t  o f t e n ,  a s  i n  t h e  c a s e  w i t h  s ow ing  by 
a i r p l a n e ,  s e e d s  a r e  p l e n t i f u l  i n  t h e  c a n a l s  and  d i t c h e s  t h e m s e l v e s .
The a v e r a g e  w e i g h t  o f  t h e  p u r p l e  g a l l i n u l e  i s  a p p r o x i m a t e l y  
220 g .  I f  a  b i r d  w e re  t o  consume r i c e  w h i c h  h a d  b e e n  t r e a t e d  a t  t h e  
ab o v e  r a t e ,  o n l y  1 . 7 6  g w o u ld  be n e e d e d  t o  e q u a l  a n  o r a l  i n g e s t i o n  
o f  20 ppm d i e l d r i n .  A common g a l l i n u l e  w o u ld  h a v e  t o  consume 3 . 0  g 
o f  t r e a t e d  r i c e  t o  e q u a l  a n  o r a l  d o s a g e  o f  20 ppm d i e l d r i n  b a s e d  o n  
a n  a v e r a g e  body  w e i g h t  o f  380 g .  Ben t  ( 1 9 2 6 )  r e p o r t e d  t h a t  p u r p l e  
g a l l i n u l e s  f e d  p r i n c i p a l l y  o n  r i c e  when i t  was  a v a i l a b l e .  Not  o n l y  
d i d  t h e y  e a t  g r a i n s  on  t h e  g r o u n d  b u t  a l s o  b e n t  t h e  s t a l k s  o f  m a t u r e  
r i c e  p l a n t s  i n  o r d e r  t o  r e a c h  t h e  s e e d  h e a d .  The  common g a l l i n u l e  was 
a l s o  d e s c r i b e d  a s  b e i n g  a h i g h l y  g r a n i v o r o u s  b i r d  b u t  r i c e  was n o t  
m e n t i o n e d  a s  b e i n g  a  m a j o r  com ponen t  o f  t h e i r  d i e t .
The  g u l l e t s  and g i z z a r d s  f r o m  b o t h  s p e c i e s  c o l l e c t e d  i n  
S e p t e m b e r ,  1966 from t h e  Crow ley  a r e a  c o n t a i n e d  l a r g e  p r o p o r t i o n s  o f  
r i c e  ( T a b l e s  XI and X I I ) .  The p u r p l e  g a l l i n u l e  g i z z a r d s  c o n t a i n e d  
a b o u t  9 0 . 3  p e r c e n t  r i c e  and t h e  common g a l l i n u l e  g i z z a r d s  c o n t a i n e d  
a b o u t  71 p e r c e n t  r i c e .  T h e r e  was a s m a l l  am oun t  o f  m i s c e l l a n e o u s
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TABLE XI
G u l l e t  and  g i z z a r d  c o n t e n t s  o f  p u r p l e  g a l l i n u l e s  c o l l e c t e d  f rom  
r i c e  f i e l d s  n e a r  C r o w l e y ,  L o u i s i a n a  d u r i n g  S e p t e m b e r ,  1966
Sample
Wt i n  Grams
T o t a l
R i c e  and 
M i s c .  S eed
G r i t  and 
G r a v e l
I n s e c t
P a r t s Mi s c .
1 2 .2 0 0 2 .000 0 .200 ----- -----
2 1.210 1.120 0 . 0 6 0 0 . 0 3 0 -----
3 0 . 3 9 0 0 . 2 8 0 0 .110 -----
4 0 . 5 4 1 0 . 4 6 1 0 . 0 4 0 .010 0 . 0 3 0 *
5 0 . 7 1 0 0 . 6 9 0 0 .020 — -----
6 0 . 6 4 0 0 . 6 0 0 0 . 0 4 0 — -----
7 1 . 5 8 0 1 . 3 0 0 0 . 2 8 0 ----- -----
8 0 . 6 4 0 0 . 6 3 4 0 . 0 0 6 t r * -----
9 0 . 5 5 0 0 . 5 3 0 0 .020 t r * -----
10 0 . 6 4 3 0 . 6 0 3 0 . 0 4 0 t r * -----
P e r c e n t  o f  t o t a l  9 0 . 3  8 .8  . 5  .4
■*
S e t a e  o f  s a l t m a r s h  c a t e r p i l l a r  
+ S m al l  f i s h  v e r t e b r a e
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TABLE X I I
G u l l e t  and g i z z a r d  c o n t e n t s  o f  common g a l l i n u l e s  c o l l e c t e d  f rom  
r i c e  f i e l d s  n e a r  C r o w le y ,  L o u i s i a n a  d u r i n g  S e p t e m b e r ,  1966
______________ Wt i n  Grams_______________
R i c e  and  G r i t  and I n s e c t
Sample T o t a l M i s c .  Seed G r a v e l P a r t s V i s e
1 1 .5 5 5 1 . 3 5 0 0 . 2 0 5 ----- -----
2 1 .4 1 1 0 .3 0 1 .0 90 1.020 -----
3 0 . 8 5 3 0 . 8 5 0 .003 t r * -----
4 1 .7 1 8 0 .8 5 1 .867 t r * -----
5 1 .0 1 4 ( u n i d e n t i f i a b l e  mass  o f v e g e t a b l e m a t t e r )
6 1 .2 4 4 0 . 9 3 3 .311 *t r -----
7 0 . 8 7 0 0 . 8 7 0 t r t r * -----
8 1 . 3 8 8 1 . 3 8 0 .008 *t r -----
9 1 . 8 2 0 1 . 3 0 0 .520 t r * -----
10 0 . 3 8 8 0 . 1 1 3 .275 t r * -----
P e r c e n t  o f t o t a l ■ 71 20 9
★S e t a e  o f  s a l t m a r s h  c a t e r p i l l a r
g r a s s  s e e d  m i x e d  w i t h  t h i s  r i c e  w h i c h  w a s  i n c l u d e d  i n  t h e  c a l c u l a t e d  
p e r c e n t a g e s .  T h e s e  b i r d s  w e r e  c o l l e c t e d  a t  n i g h t  a n d  t h e i r  g u l l e t s  
w e r e  e m p t y .
T h e  LD^q o f  d i e l d r i n  t o  b o b w h i t e  q u a i l  a n d  m o u r n i n g  d o v e s  i s  
1 2 - 1 4  m g / k g  o f  b o d y  w e i g h t  a n d  4 4 - 4 6  m g / k g  o f  b o d y  w e i g h t  r e s p e c t i v e l y  
( D a h l e n  a n d  H a u g e n ,  1 9 5 4 ) .  T h e  LD^q f o r  3 a n d  6 w e e k  o l d  c h i c k e n s  
f e d  o r a l  d o s a g e s  o f  d i e l d r i n  w as  b e t w e e n  20 a n d  30 m g / k g  o f  b o d y  
w e i g h t  ( E d e n ,  1 9 5 1 ) .  A s s u m i n g  t h a t  t h e  a c u t e  t o x i c i t y  o f  d i e l d r i n  t o  
t h e  p u r p l e  a n d  common g a l l i n u l e  i s  r e l a t i v e l y  c l o s e  t o  t h e s e  f i g u r e s ,  
i t  i s  h i g h l y  p o s s i b l e  t h a t  e i t h e r  s p e c i e s  c o u l d  c o n s u m e  i n  a  s i n g l e  
d a y  e n o u g h  t r e a t e d  r i c e  t o  e q u a l  o r  s u r p a s s  t h e  a m o u n t  e q u i v a l e n t  t o  
t h e  LD50 o f  q u a i l ,  m o u r n i n g  d o v e s ,  o r  c h i c k e n s .
P e r h a p s  t h e  tw o  g a l l i n u l e  s p e c i e s  a r e  n a t u r a l l y  m o r e  r e s i s t a n t  
t o  d i e l d r i n  t h a n  c h i c k e n s  o r  t h e s e  o t h e r  two s p e c i e s  o f  game b i r d s .  
H o w e v e r ,  i f  c o n s i d e r a b l e  m o r t a l i t y  h a s  o c c u r r e d  o v e r  t h e  y e a r s  f r o m  
t h e i r  e a t i n g  a l d r i n  t r e a t e d  r i c e ,  t h e  d e v e l o p m e n t  o f  r e s i s t a n c e  t o  
d i e l d r i n  i s  a  d i s t i n c t  p o s s i b i l i t y .
I t  i s  d i f f i c u l t  t o  e x p l a i n  t h e  r e l a t i v e l y  l a r g e  d i f f e r e n c e s  i n  
t h e  a m o u n t  o f  d i e l d r i n  d e t e c t e d  i n  t h e  e g g  s a m p l e s  w h e n  c o m p a r e d  t o  
t h e  q u a n t i t i e s  d e t e c t e d  i n  t h e  o i l  g l a n d s  a n d  e d i b l e  p o r t i o n s .  I t  
h a s  b e e n  d e m o n s t r a t e d  t h a t  c h i c k e n s  f e d  c e r t a i n  a m o u n t s  o f  d i e l d r i n  
i n  t h e i r  d i e t  t e n d  t o  a c c u m u l a t e  r e s i d u e s  i n  t h e  b o d y  t i s s u e s .  E g g s  
l a i d  d u r i n g  t h i s  t i m e  a l s o  c o n t a i n  r e s i d u e s  c o m p a r a b l e  t o  t h e  a m o u n t  
i n  t h e  f e e d .  H o w e v e r  when  t h e  c h i c k e n s  w e r e  t a k e n  o f f  t h e  i n s e c t i c i d e  
t r e a t e d  d i e t ,  r e s i d u e s  t e n d e d  t o  r e t u r n  t o w a r d  b a c k g r o u n d  l e v e l s  
(Cummings  e_t a l  . , 1 9 6 6 ) .  T h e  h i g h e s t  a m o u n t  o f  d i e l d r i n  i n  t h e  e g g s  
f ro m  t h i s  e x p e r i m e n t  was  o n l y  0 . 4 5  ppm a n d  t h e  r a t e  o f  r e t u r n  t o w a r d
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b a s a l  l e v e l s  was r a t h e r  s l o w .  A f t e r  30 d a y s  t h e  l e v e l  o f  d i e l d r i n  i n  
t h e  e g g s  h a d  d r o p p e d  f rom  0 . 4 5  t o  a p p r o x i m a t e l y  0 . 3 4  ppm.
W i l l i a m s  and  M i l l s  ( 1 9 6 4 )  w o r k i n g  w i t h  c h l o r i n a t e d  h y d r o c a r b o n  
r e s i d u e  s t o r a g e  i n  t h e  m i l k  o f  cows b e i n g  f e d  h e p t a c h l o r  e p o x i d e ,  
d i e l d r i n ,  e n d r i n ,  l i n d a n e ,  and  DDT r e p o r t e d  t h a t  d i e l d r i n  l e v e l s  i n  
m i l k  t e n d e d  t o  become l o w e r  when  t h e  e x p e r i m e n t a l  a n i m a l s  w e r e  t a k e n  
o f f  t h e  t r e a t e d  d i e t .  D i e l d r i n  r e s i d u e s  i n  t h e  m i l k  r e a c h e d  a 
maximum l e v e l  o f  0 .1 1  ppm when t h e  cows w e r e  b e i n g  f e d  a  d i e t  
c o n t a i n i n g  0 . 3 0 2  ppm d i e l d r i n  p l u s  l e v e l s  o t  4 o t h e r  c h l o r i n a t e d  
h y d r o c a r b o n  i n s e c t i c i d e s .  T w en ty  d a y s  a f t e r  t h e  cows w e re  w i t h d r a w n  
f rom  t h e  c o n t a m i n a t e d  d i e t ,  d i e l d r i n  l e v e l s  i n  t h e  m i l k  had  d r o p p e d  
t o  a p p r o x i m a t e l y  0 . 0 3 8  ppm.
T h e s e  l e v e l s  o f  d i e l d r i n  r e s i d u e s  i n  t h e  e g g s  and  t h e  m i l k  
s a m p l e s  d i d  n o t  a p p r o a c h  t h e  l e v e l s  f o u n d  i n  t h e  g a l l i n u l e  e g g s .  
However ,  t h i s  t r e n d  o f  d e c r e a s i n g  a m o u n ts  o f  r e s i d u e  s t o r a g e  a f t e r  
w i t h d r a w a l  f rom t h e  c o n t a m i n a t e d  fo o d  s o u r c e  i s  c l e a r l y  p r e s e n t  i n  
b o t h  e x p e r i m e n t s .  T h i s  m i g h t  a c c o u n t  f o r  t h e  r e l a t i v e l y  low l e v e l s  
o f  d i e l d r i n  d e t e c t e d  i n  t h e  t i s s u e s  and  o i l  g l a n d s  o f  t h e  g a l l i n u l e s  
a s  com pared  t o  t h e  amount f o u n d  i n  t h e i r  e g g s .  The e g g s  w ou ld  h a v e  
b e e n  l a i d  s h o r t l y  a f t e r  t h e  t r e a t e d  r i c e  was a v a i l a b l e  w h e r e a s  t h e  
t i s s u e  s a m p l e s  w e re  c o l l e c t e d  i n  S e p t e m b e r  a f t e r  a  t i m e  l a p s e  o f  
a b o u t  t h r e e  m o n t h s .
The d i e l d r i n  r e s i d u e  d e t e c t e d  i n  one  egg  s a m p l e  f rom R o c k e f e l l e r  
R e fu g e  and t h e  d i e l d r i n  d e t e c t e d  i n  t h e  c o m p o s i t e  t i s s u e  sa m p le  from 
t h e r e  c o u l d  p o s s i b l y  h a v e  r e s u l t e d  f rom a  few b i r d s  moving  b a c k  and  
f o r t h  b e t w e e n  r i c e  g r o w i n g  a r e a s  and R o c k e f e l l e r  R e f u g e .  R ic e  f i e l d s  
o f  t h e  Lake A r t h u r ,  L o u i s i a n a  a r e a  a r e  o n l y  a b o u t  2 5 - 3 0  a i r  m i l e s  
n o r t h  o f  t h e  R e f u g e .
SUMMARY
R e s i d u e  a n a l y s i s  o f  t h e  e g g s  o f  p u r p l e  and  common g a l l i n u l e s  
i n  a s s o c i a t i o n  w i t h  L o u i s i a n a  r i c e  f i e l d s  showed a n  a v e r a g e  c o n t a m i n a ­
t i o n  o f  6 . 5 1  and  9 . 3 7  ppm d i e l d r i n ,  r e s p e c t i v e l y .  T h e r e  was  a l s o  a n  
a v e r a g e  r e s i d u e  o f  0 . 0 6 9  ppm h e p t a c h l o r  e p o x i d e  and  0 . 3 1 1  ppm 
j >,j>'-DDE i n  t h e  common g a l l i n u l e  e g g s  and  0 . 0 2 6  ppm h e p t a c h l o r  e p o x i d e  
and  0 . 4 3 4  ppm £ , £ ' - D D E  i n  t h e  e g g s  o f  t h e  p u r p l e  g a l l i n u l e .
A n a l y s i s  o f  t h e  e g g s  f rom  a  p o p u l a t i o n  o f  common g a l l i n u l e s  on 
R o c k e f e l l e r  W i l d l i f e  R e fu g e  i n d i c a t e d  a n  a v e r a g e  c o n t a m i n a t i o n  o f  
0 . 0 7 6  ppm £ , £ f -DDE. Only one  egg  s a m p le  c o n t a i n e d  m e a s u r a b l e  am oun ts  
o f  d i e l d r i n  and  o n e  c o n t a i n e d  a  m e a s u r a b l e  amount o f  £ , £ ' - D D T .
The e d i b l e  p o r t i o n  o f  d i f f e r e n t  a g e d  common and  p u r p l e  g a l l i n u l e s  
c o l l e c t e d  i n  t h e  C ro w le y  r i c e  f i e l d s  c o n t a i n e d  an  a v e r a g e  o f  0 . 3 5 5  ppm 
d i e l d r i n .  The s a m p le  t a k e n  f rom  R o c k e f e l l e r  R e fuge  c o n t a i n e d  0 . 0 5 8  ppm 
d i e l d r i n .  O i l  g l a n d  s a m p l e s  f rom  d i f f e r e n t  a g e d  b i r d s  o f  b o t h  s p e c i e s  
c o l l e c t e d  i n  t h e  C ro w ley  r i c e  f i e l d s  showed an  a v e r a g e  c o n t a m i n a t i o n  
o f  2 . 0 7  ppm d i e l d r i n  and  0 . 4 3 5  ppm £ ,£ * -D D E .  The o i l  g l a n d  s a m p l e s  
f rom  R o c k e f e l l e r  R e fuge  common g a l l i n u l e s  c o n t a i n e d  no d e t e c t a b l e  
am oun t  o f  d i e l d r i n  o r  £ , £ ' - D D E .
T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  c l u t c h  s i z e  and  
h a t c h a b i l i t y  b e t w e e n  t h e  common g a l l i n u l e s  f rom t h e  C ro w ley  r i c e  
f i e l d s  and  th e  p o p u l a t i o n  o f  common g a l l i n u l e s  on  R o c k e f e l l e r  R e fu g e .
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P u r p l e  g a l l i n u l e s  f rom C ro w ley  had  a n  a v e r a g e  c l u t c h  s i z e  o f  
6 . 7  e g g s  and  an  a v e r a g e  h a t c h i n g  s u c c e s s  o f  8 5 . 2  p e r c e n t .  T h i s  
v a l u e  f o r  c l u t c h  s i z e  c o i n c i d e s  w i t h  t h a t  p u b l i s h e d  a s  n o r m a l  f o r  
t h e  p u r p l e  g a l l i n u l e  a n d  t h e  h a t c h a b i l i t y  p e r c e n t a g e  o f  8 5 . 2  seems 
t o  be  a s  h i g h  a s  i s  e x p e c t e d  f ro m  o t h e r  game b i r d s  r e a r e d  by 
p o u l t r y m e n .
The  d i e l d r i n  r e s i d u e s  i n  t h e  e g g s  o f  t h e  p u r p l e  and  common 
g a l l i n u l e s  i n  a s s o c i a t i o n  w i t h  r i c e  f i e l d s  p l a n t e d  w i t h  a l d r i n  t r e a t e d  
s e e d  w e r e  r a t h e r  h i g h .  H owever ,  t h e s e  r e s i d u e s  a p p e a r  t o  h a v e  no 
e f f e c t  on  t h e  c l u t c h  s i z e  o r  h a t c h a b i l i t y .  The r e s u l t i n g  e f f e c t  o f  
t h e s e  r e s i d u e s  upon  t i ie  s u r v i v a l  o f  t h e  new ly  h a t c h e d  c h i c k o  i s  n o t  
known.
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